Research background and hypothesis. There are few studies about the variables of the duration of powerendurance workloads and their total and residual effects.
INTRODUCTION
T he problem of increasing the efficiency of training has a few important aspects, and the choice of physiologically appropriate means is one of them (Stoboy, 1973; Giada et al., 1998; Price et al., 2000; Trinkūnas et al., 2001) . The analysis of the publications of few lasts decades shows new qualitative changes in planning training loads (Giada et al., 1998; Isurinas, Škliaras, 2001; Karoblis, 2001) . Various training macro-cycles for solving a particular task are planned. Concentrated power endurance micro-cycles and mezzo-cycles are often planned during the preparatory period and their effect on athlete's performance still remains the interest of sports science. It has been shown that concentrated workloads of endurance and power have a positive effects on the development of capillary density in skeletal muscles, which improves muscular blood flow (Bell eal., 2000; Poderys, 2000) . These changes in the cardiovascular system (CVS) are very important as they strongly impact the ability to recover and train using high training workloads (Martienz Caro et al., 1999) . There are few studies about variables of the duration of power-endurance workloads, total and residual effects of training on the cardiovascular system. The aim of this study was to evaluate the changes of functional state indices of muscular and cardiovascular systems while two training microcycles were designed to develop power-endurance abilities, and the third was appointed for active rest.
RESEARCH METHODS
Seven athletes (age -22.4 ± 0.72 years; body mass -74 ± 1.18 kg) training in sprint events participated in the research. Their training mezzocycle consisted of three micro-cycles: during two micro-cycles athletes performed concentrated heavy training loads of power-endurance type, and the third micro-cycle was appointed for active rest. The duration of a micro-cycle was 7 days, mezzo-cycle -21 days. Totally 3 assessments were performed: before, at the 15 th and at the 22 nd days of the mezzo-cycle.
Three groups of indices was chosen for the evaluation of s in the state of athletes: 1 -muscular power indices (triple standing jump); 2 -CVS indices (arterial blood pressure(ABP): systolic (S) and diastolic (D), heart rate (HR), JTinterval and ST-segment depression taken from the electrocardiogram (ECG)); 3 -indices of recovery after testing the workload ( 1/2 T -systolic blood pressure; 1/2 T -indicator of blood pressure quality, i. e. (S-D)/S; 1/2 T HR; 1/2 T JT interval and 1/2 T -JT/RR). During the research all participants of the study performed a Ruffier functional test (30 squats per 45 s) and the 30 s vertical jumps test. Twelve standard leads of ECG were registered continuously by computerized ECG analysis system "Kaunas-krūvis".
Statistical analysis was carried out using SPSS 14.0 package for Windows. Standard statistical methods were used to calculate means and standard deviations (± SD). A one-way analysis of variance (ANOVA) was used to establish the differences between the measurements. A significance level of 0.05 was used.
RESEARCH RESULTS
Performed training workloads of power endurance type during first two micro-cycles strongly affected muscular performance indices of athletes. During the first assessment athletes were able to show the result of 7.38 ± 0.14 m in triple standing jump. After two micro-cycles all athletes without exception exacerbated their results. On average the result in triple jump decreased by 0.21 ± 0.04 m (p < 0.05). The results of the third assessment showed that three athletes (43% of cases) improved their result in triple jump, i. e. they jumped more than during initial assessment, two athletes (28.5% of cases) jumped as much as during the initial study, and the result of two athletes (28.5% of cases) remained lower than during the first assessment. On average, the results of investigated group in the triple jump during the third assessment did not differ significantly (p > 0.05) from the initial results. The obtained results showed that muscular power indices unambiguously deteriorated because the recovery after training by when using concentrated heavy workloads of power endurance type was individual.
The results of assessment of dynamics of CVS functional indices showed that after two training micro-cycles most of the registered parameters significantly changed. at the end of Ruffier test and after 30-s vertical jumps. Significant changes (p < 0.05) were found in systolic and diastolic ABP responses to both samples of testing workloads, however the pulse pressure of ABP remained unchanged. Analysis of registered ECG indices showed that the change in JT/RR during testing workloads was more expressed after two training micro-cycles than during the first assessment (Figure 2 ). During the third assessment, i. e. after recovery the changes in JT/RR were close to the same as it was recorded during the first assessment. Figure 3 presents the data about the speed of recovery of CVS indices ( 1/2 T). The results obtained during the study showed that after two training micro-cycles the recovery of the registered ECG indices had statistically significant (p < 0.05) changes. The results of the third assessment showed that one micro-cycle designed for active recovery was not enough for full recovery. The period of time of only 7 days was too short for the dynamics of ECG indices after dosed or maximal exercising to remain slower.
DISCUSSION
Athlete's body could be described as a complex dynamic system (Korobeynikov et al. 2006) , thus changes in the functional state and the interplay of various physiological mechanisms are so important for sports science. All cardiovascular mechanisms are interrelated in supplying oxygen and energy to active tissue. The results in the changes of ABP at the onset of exercising should be analyzed by taking into account the principle of unity of body functioning. Such changes of ABP can be explained by changes in peripheral vascular tone. It is known that regular physical activity positively Note. * -p < 0.05 compared to study I, **-p < 0.05 compared to study II.
affects (decreases) both systolic and diastolic ABP not only at rest, but, according to some scientists, alsoduring physical load as well (Keul et al., 1989; Allison et al., 1999; Cornelissen, Fagard, 2005; Chakhunashvili et al., 2011) . At first sight similar athletes can responded to the same external physical load with different reactions of CVS. The reactions of systolic blood pressure in response to the same charge can be significantly different. This, of course, determines their different longterm adaptation to the same external physical loads.
We have observed recovery of various degree of ABP indicators during the active rest micro-cycle, and according to average systolic and diastolic blood pressure values of participants of the study, recovery after testing workloads was not the same as it was before training. Power endurance workloads far less affected the values of HR and JT-interval of ECG. The smaller values in ST-segment depression after two training micro-cycles could be explained as a consequence of the increase in systolic blood pressure.
The change of ratio JT/RR of ECG during the testing provides information about the mobilization of CVS during exercising (Vainoras, Jaruševičius, 1996; Poderys et al., 2005) . The results obtained during the study showed that the change of JT/ RR after two training micro-cycles was more expressed than during the first assessment. This shows that there was more mobilization of CVS in both cases, i. e. while performing a dosed Ruffier test and maximal anaerobic 30-s vertical jumps test. This could be explained as an effect of total fatigue and increased biological efforts to perform the locomotion task.
The speed of recovery of ECG indices after testing workloads was assessed by halves of periods (½T). These halves of periods of recovery could be treated as the index of velocity in metabolic flow of processes (Vainoras, Jaruševičius, 1996) . We found that active rest micro-cycle after training was too short so that the changes of indices, caused by total effect of workout, would return to the baseline values again. This means that concentrated powerendurance workloads strongly affect the athlete's body functions and therefore must be scheduled earlier than 3 weeks before competitive activities or applied during preparatory training period. Although high power-endurance loads inhibit strength development (what was confirmed by others and in this our study as well), they stimulate an increase of capillary density in muscles (Bell et al., 2000) . It is very important because these longterm adaptational changes are the basis for fast adaptation to heavy training loads and athlete's ability to recover and perform in the next training session.
CONCLUSIONS AND PERSPECTIVES
1. Under the influence of two training microcycles of concentrated power endurance workloads muscular power deteriorates and recovery rate is individual.
2. Reduced abilities in the regulation of peripheral vascular tone after heavy training could be compensated by changes in the cardiac function, i. e. by an increase of systolic blood pressure.
3. Cardiovascular indices such as halves of periods of recovery (½T) in heart rate, arterial blood pressure, JT interval and in ratio JT/RR could be appropriate indices for describing changes in the functional state of athletes under influence of training.
